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(54) EXPLAINABLE ARTIFICIAL INTELLIGENCE MODELING AND SIMULATION SYSTEM AND

METHOD

(567)  Providedis asystem and method that generates
an artificial intelligence workflow model in which image
conversion, measurement, and image searches can be
performed, by selecting/combining algorithms suitable
for a workflow having been created/modified according
to a subject area such as a display manufacturing proc-
ess, and that conducts a simulation of the generated
model. An explainable artificial intelligence modelling
and simulation method according to an embodiment of
the present invention comprises the steps of: designing
an artificial intelligence workflow model once algorithms
suitable for a workflow having been created/modified ac-
cording to a subject area are selected from algorithms
stored in advance; and conducting, when input informa-
tion is input, a simulation of the artificial intelligence work-
flow model for the inputinformation. As described above,
according to embodiments of the present invention, it is
possible to visualize the connections between algorithms
on a workflow basis and automatically assess the per-
formance thereof through an integrated simulation, and
itis also possible to perform performance comparison by
simultaneously conducting simulations of multiple artifi-
cial intelligence algorithms on a workflow basis. In addi-
tion, improvement direction for the performance of the
algorithms can be suggested by allowing the result of

classification analysis to explain the cause/evidence with
images and standardized feature data.
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Description
Technical Field

[0001] The present disclosure relates to explainable
artificial intelligence (Al) technology, and more particu-
larly, to a system and a method which generate an Al
workflow model capable of image conversion, measure-
ment, and image search, by selecting/assembling an al-
gorithm suitable for a workflow created/edited according
to a subject area of a semiconductor, display manufac-
turing process, and perform a simulation.

Background Art

[0002] Al algorithms may be developed in a somewhat
closed way, depending on individual ability, based on R
languages, Python languages, and performance of Al
algorithms may be evaluated and verified by individual
criteria. Therefore, many Al algorithms should be contin-
uously managed and controlled by people to maintain
expected performance of Al and to stably operate, and
thus there is a limit to unmanned intellectualization.
[0003] In addition, the related-art technology develop-
ment process for Al algorithms may proceed in a some-
what personalized pattern, for example, in a method in
which an analyzer designs, develops, and verifies in its
individual development environment, and then, applies
in order to satisfy unit requirements, and also, processes
of understanding of performance and enhancement/dis-
tribution/discarding which change according to an envi-
ronment may be manually performed, and therefore,
there is a problem thatitis not easy to enhance and share
technology.

[0004] In addition, there is a growing trend toward al-
gorithms of an open source-based deep learning tech-
niqgue and many algorithms are developing in recent
years. However, in order to apply the algorithms to real
world, it may be determined whether to distribute the al-
gorithms by directly and continuously checking suitability
of determination by Al.

[0005] However, there are many Al algorithms accord-
ing to regions or requirements, and it may be difficult to
check and verify Al algorithms one by one, which are
periodically required to be remodeled by reflecting
changing manufacturing data. To this end, many Al al-
gorithms fail to be optimized. That is, faults of perform-
ance frequently occur due to failure of management of
change in algorithms.

Disclosure

Technical Problem

[0006] The present disclosure has been developed in
order to address the above-discussed deficiencies of the
prior art, and an object of the present disclosure is to
provide an Al modeling and simulation system and meth-
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od, which can visualize connection of algorithms based
on a workflow and can automatically verify performance
by an integrated simulation, and can perform centralized
management forintercomparison of performance by sim-
ulating a plurality of Al algorithms based on a workflow,
simultaneously, can visualize connection of algorithms
based on a workflow and can automatically verify per-
formance by an integrated simulation, and can process
results of classification and analysis to explain caus-
es/grounds by images and standardized shape data.

Technical Solution

[0007] According to an embodiment of the present dis-
closure to achieve the above-described object, an ex-
plainable Al modeling and simulation method includes
the steps of: when an algorithm suitable for a workflow
created and edited according to a subjectarea is selected
from pre-stored algorithms, designing an Al workflow
model; and, when input information is inputted, perform-
ing a simulation for an Al workflow model with respect to
the input information.

[0008] The Al workflow model may be provided by vis-
ualizing a workflow and an algorithm selected to suit the
workflow.

[0009] The algorithms may be classified and stored in
libraries of respective processes, such that the algo-
rithms are assembled according to each process with
respect to a data pre-processing process, a learn-
ing/classification process, a data post-processing proc-
ess, and an iterative learning/classification process.
[0010] When image data is inputted, the Al workflow
model may perform an image normalization process, a
learning process, and an image feature analysis process
in sequence, may extract image features by measuring
an area of interest, and may generate explanation data
based on the image features.

[0011] The step of performing the simulation may in-
clude: a step of, when a plurality of deep learning Al work-
flow models or a plurality of machine learning Al workflow
models are designed, registering a simulation for each
Al workflow model; and a step of performing the regis-
tered respective simulations.

[0012] According to an embodiment of the present dis-
closure, the explainable Al modeling and simulation
method may further include: a step of, when the respec-
tive simulations are performed, comparing and evaluat-
ing performance of the respective Al workflow models in
real time, based on results of performing the respective
simulations; and a step of continuously distributing or
changing an optimal Al workflow model according to a
result of comparing and evaluating in real time.

[0013] Inaddition, the step of performing the registered
respective simulations may include performing the re-
spective simulations simultaneously under the same
condition, by using a distributed management environ-
ment which performs distributed management with re-
spect to data related to each deep learning Al workflow
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model or machine learning Al workflow model.

[0014] The input information may be image data that
is acquired in a processing process.

[0015] The step of comparing and evaluating may in-
clude selecting a first deep learning Al workflow model
having the highest accuracy from among the plurality of
deep learning Al workflow models which are simulated,
and selecting a first machine learning Al workflow model
having the same result calculated as the first deep learn-
ing Al workflow model, and the step of distributing or
changing may include distributing or changing the select-
ed first machine learning Al workflow model.

[0016] The step of performing the registered respec-
tive simulations may include: a step of, when image data
is inputted, dividing the image data into analysis unit ar-
eas, determining whether there is a defect in each area,
and determining a grade according to a result of deter-
mining; a step of extracting image features by measuring
an area of interest which is determined as having a de-
fect; a step of searching similar images of the image fea-
tures; a step of estimating a fault-causing factor by ana-
lyzing commonality of the similar images; and a step of
generating explanation data including the fault-causing
factor.

[0017] The step of extracting the image features by
measuring the area which is determined as having the
defectmay use any one algorithm of Find Defect, Validate
Defect, GMM Classification, NCC Classification, Monitor
Defect, and Extract Feature.

[0018] According to another embodiment of the
present disclosure, an explainable Al modeling and sim-
ulation system may include: a storage unit configured to
store algorithms; and a processor configured to, when
an algorithm suitable for a workflow created/edited ac-
cording to a subject area is selected from pre-stored al-
gorithms, design an Al workflow model, and, when input
information is inputted, perform a simulation for an Al
workflow model with respect to the input information.

Advantageous Effects

[0019] According to embodiments of the present dis-
closure as described above, connection of algorithms
can be visualized based on a workflow, and performance
can be automatically verified by an integrated simulation,
and a plurality of workflow-based Al algorithms can be
simulated simultaneously and performance thereof can
be compared.

[0020] In addition, according to various embodiments,
results of classification and analysis can be made to ex-
plain causes/grounds with images and standardized da-
ta, and accordingly, a performance improvement direc-
tion can be suggested.

Description of Drawings

[0021]
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FIG. 1 is a flowchart provided to explain an explain-
able Al modeling and simulation method according
to an embodiment of the present disclosure;

FIG. 2 is a view provided to explain a process of
designing an Al workflow model;

FIG. 3 is a view illustrating an algorithm;
FIG. 4 is a view illustrating an Al workflow model;

FIG. 5 is a view illustrating a screen for managing
image data;

FIG. 6 is a view illustrating a screen for managing
an algorithm;

FIG. 7 is a view illustrating a screen providing a vis-
ualized Al workflow model;

FIG. 8 is a view provided to explain a process of
performing a simulation for each Al workflow model;

FIG. 9 is a view provided to explain a process of
verifying an Al workflow model and a simulation;

FIG. 10 is a view illustrating an optimal model of an
Al workflow model;

FIG. 11 is a view provided to explain a process of
evaluating an optimal simulation between Al work-
flow models;

FIG. 12 is a view provided to explain a process of
classifying Al workflow models and evaluating per-
formance;

FIG. 13 is a view provided to explain a process of
determining a grade by determining whether there
is a defect in each region in a process of performing
a simulation for each Al workflow model;

FIG. 14 is a view provided to explain a process of
analyzing commonality of similarimages, estimating
a fault-causing factor, and generating explanation
data in a process of performing a simulation for each
Al workflow model;

FIG. 15 is a view illustrating various image fault-
causing factors; and

FIG. 16 is a block diagram of an explainable Al mod-
eling and simulation system according to another
embodiment of the present disclosure.

Best Mode

[0022] Hereinafter, the present disclosure will be de-
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scribed in detail with reference to the accompanying
drawings.

1. Explainable Al Modeling and Simulation Method

[0023] Embodiments of the present disclosure provide
a system and a method for providing an explainable Al
simulation platform.

[0024] Herein, the ’explainable Al’ refers to Al technol-
ogy for extracting data which can explain causes/grounds
as a result of classifying and analyzing by using Al.
[0025] FIG. 1 is a flowchart provided to explain an ex-
plainable Al modeling and simulation method according
to an embodiment of the present disclosure. In the ex-
plainable Al modeling and simulation method according
to an embodiment of the present disclosure, when algo-
rithms suitable for a workflow created/edited according
to a subject area are selected from pre-stored algorithms,
an Al modeling and simulation system may assemble the
selected algorithms (S110) and may design an Al work-
flow model (S120).

[0026] In this case, the algorithms may be a plurality
of deep learning algorithms or machine learning algo-
rithms.

[0027] Inaddition, when a plurality of Al workflow mod-
els are designed, the Al modeling and simulation system
may register a simulation for each Al workflow model
(8130), and, when input information is inputted, may per-
form the registered respective simulations with respect
to the input information (S140).

[0028] When the respective simulations are performed
simultaneously under the same condition, the Al mode-
ling and simulation system may continuously compare
and evaluate performance of the designed respective Al
workflow models, based on the results of performing the
respective simulations (S150), and may continuously dis-
tribute or change an optimal Al workflow model according
to the result of comparing and evaluating, and may apply
the optimal Al workflow model to a processing process
(S160).

[0029] In addition, the Al modeling and simulation sys-
tem may classify results of performing the optimal Al
workflow model distributed and applied to the processing
process in real time (S170), and may perform a reporting
operation for verifying and confirming the real-time clas-
sifying results (S180).

2. Al Workflow Model Designing

[0030] FIG. 2 is a view provided to explain a process
of designing an Al workflow model. The explainable Al
modeling and simulation system according to an embod-
iment of the present disclosure relates to Al operation
simulation platform technology for automating a devel-
opment-verification-distribution-operation process of an
Al algorithm for each process in the manufacturing in-
dustry, and for increasing operation efficiency, and may
support main processes which are necessarily required
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to achieve various kinds of unmanned/automated man-
ufacturing examination processes, which are referred to
as interpretation and classification of the main object of
Industry 4.0, Visual Information, such as learning classi-
fication algorithm modeling, algorithm asset manage-
ment, parallel simulation performance and automatic al-
gorithm performance verification, identifying of a result
of performing a distributed algorithm as an image and
shape data.

[0031] Furthermore, the explainable Al modeling and
simulation system according to an embodiment of the
present disclosure relates to technology for providing a
development-operation-verification-distribution ~ man-
agement system of an Al algorithm, which will continu-
ously increase as Al-based manufacturing advancement
is increasingly accelerated, and for explaining suitability
of a developed Al algorithm with data. The present sys-
tem can visualize connection of algorithms based on a
workflow and can automatically verify performance by an
integrated simulation, and can perform centralized man-
agement for intercomparison of performance by simulat-
ing a plurality of workflow-based deep learning algo-
rithms and a plurality of machine learning algorithms si-
multaneously under the same condition, can implement
explainable Al by selecting a deep learning algorithm
having optimal accuracy, based on the result of simulat-
ing the deep learning algorithms and the machine learn-
ing algorithms simultaneously under the same condition,
and by selecting/applying a machine learning algorithm
having the same result value as the selected deep learn-
ing algorithm, can visualize connection of algorithms
based on a workflow and automatically verify perform-
ance by anintegrated simulation, and can process results
of classification and analysis to explain causes/grounds
by images and standardized shape data.

[0032] To perform these functions, the explainable Al
modeling and simulation system according to an embod-
iment of the present disclosure may assemble selected
algorithms when algorithms suitable for a workflow cre-
ated/edited according to a subject area are selected from
pre-stored algorithms, and may design an Al workflow
model.

[0033] Herein, the pre-stored algorithms may include
image processing algorithms and Al learning/classifica-
tion algorithms, and the image processing algorithms and
the Al learning/classification algorithms may be classified
and stored in an arbitrarily edited library or a library for
each process.

[0034] The image processing algorithms may include
an algorithm for an image normalization process, an al-
gorithm for a learning process, and an algorithm for an
image feature analysis process, and a user may select
algorithms suitable for a created/edited workflow from
among the algorithm for the image normalization proc-
ess, the algorithm for the learning process, and the al-
gorithm for the image feature analysis process, and may
assemble the algorithms.

[0035] As the algorithm for the image normalization
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process, any one algorithm of Load Object, Normalize,
Rotate Image, and Working Domain may be selected.
[0036] As the algorithm for the learning process, any
one algorithm of GMM Learning and NCC Learning may
be selected.

[0037] As the algorithm for the image feature analysis,
any one algorithm of Find Defect, Validate Defect, GMM
Classification, NCC Classification, Monitor Defect, and
Extract Feature may be selected.

[0038] The Al learning/classification algorithms may
include an algorithm for a data pre-processing process,
an algorithm for a learning/classification process, an al-
gorithm for a data post-processing process, and an al-
gorithm for an iterative learning/classification process.
[0039] As illustrated in FIGS. 4 to 7, the explainable Al
modeling and simulation system according to an embod-
iment of the present disclosure may perform algorithm
management, Al workflow model management, image
data management, registration and performance of a
simulation regarding an Al workflow model, distribution
and application through a user interface outputted on a
screen.

[0040] Specifically, FIG. 4 is a view illustrating an Al
workflow model, FIG. 5 is a view illustrating a screen for
managing image data, and FIG. 6 is a view illustrating a
screen for managing an algorithm. FIG. 7 is a view illus-
trating a screen providing a visualized Al workflow model.
[0041] The explainable Al modeling and simulation
system may design an Al workflow model through a user
interface as shown in FIG. 4.

[0042] In this case, the user interface for designing the
Al workflow model may include an analysis subject area,
an image processing and Al learning/classification area,
an algorithm property, a model workflow area, and a data
& log area.

[0043] The analysis subject area may be used to select
a subject area in the form of a tree, to generate a library
of a new Al workflow model, or to select a library of an
Al workflow model stored, and the image processing and
Al learning/classification area may be used to select/as-
semble an algorithm in a library in which algorithms are
stored, and to design an Al workflow model through the
user interface.

[0044] The algorithm property area may be used to se-
lect or set property information including an input and
output parameter of an algorithm through a user inter-
face, and the model workflow area may provide an Al
workflow model by visualizing.

[0045] In addition, the data & log area may be used to
identify a history, a log, data after an algorithm configu-
rating an Al workflow model is executed.

[0046] In addition, as shown in FIG. 5, the user inter-
face for managing image data, which is inputted to the
designed Al workflow model, may include an analysis
target image list area, a_defect type image list area, and
an original image area.

[0047] The analysistargetimage listarea may be used
to register or receive image data to be analyzed.
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[0048] The defect type image list area displays a list
of analysis target images according to each process or
each defecttype, and the original image area may display
an originalimage from which image features are detected
to allow a user to view the original image closely.
[0049] In addition, as shown in FIG. 6, the user inter-
face for managing an algorithm may include an algorithm
listarea, an algorithm details area, and a defect, process,
feature variable list area.

[0050] The algorithm list area may display data
processing, image processing, and an Al learning/clas-
sification algorithm list, and the algorithm details infor-
mation area may display an algorithm type, a path to an
executed file, a type of an executed file, node type infor-
mation.

[0051] The defect, process, feature variable list area
may display a defect type list to be applied to the algo-
rithm, a process list, and an algorithm version (feature
variable group) list.

[0052] The user interface for providing a visualized Al
workflow model may include an analysis subject library
area, an algorithm workflow canvas area, an immediate
performance result viewer area, and an algorithm node
list area as shown in FIG. 7.

[0053] The analysis subject library area may display
an analysis model list for each subject area, and may be
used for a user to manage a designed analysis model
according to a subject area.

[0054] The algorithm workflow canvas area may be
used to design a workflow through algorithm node selec-
tion, connection, property setup.

[0055] The immediate performance result viewer area
may be used to perform an Al workflow model and to
identify a result of performing.

[0056] The algorithm node list area may display se-
lectable data processing, image processing, Al learn-
ing/classification algorithm node list when algorithm
modeling is performed.

3. Simulation

[0057] FIG. 8 is a view provided to explain a process
of performing a simulation for each Al workflow model.
In order to provide a development-operation-verification-
distribution management system of an Al algorithm and
to explain suitability of a developed Al algorithm with data,
the explainable Al modeling and simulation system ac-
cording to an embodiment of the present disclosure may
select/assemble various algorithms, may design a plu-
rality of deep learning Al workflow models or a plurality
of machine learning Al workflow models, may register
simulations regarding the plurality of deep learning Al
workflow models or the plurality of machine learning Al
workflow models when the plurality of deep learning Al
workflow models or the plurality of machine learning Al
workflow models are designed, and may perform the reg-
istered respective simulations.

[0058] Specifically, the explainable Al modeling and
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simulation system may perform respective simulations
simultaneously under the same conditions, by using a
distributed management environment for distributed
management of data related to the plurality of deep learn-
ing Al workflow models or the plurality of machine learn-
ing Al workflow models.

[0059] Herein, the distributed management environ-
ment refers to an environment in which a plurality of serv-
ers connected in a chain form performs distributed man-
agement with respect to data related to their respective
Al workflow models.

[0060] FIG. 9 is a view provided to explain a process
of verifying an Al workflow model and a simulation. The
explainable Al modeling and simulation system accord-
ing to an embodiment of the present disclosure may per-
form registered respective simulations by using a distrib-
uted management environment, may compare and eval-
uate performance based on the results of performing the
respective simulations, may continuously distribute or
change an optimal Al workflow model having verified per-
formance, and may optimize the Al workflow model
through cumulative and iterative learning/verification re-
garding additional image/classification results, which are
continuously generated during an operation.

[0061] For example, the explainable Al modeling and
simulation system may compare and evaluate results of
respective simulations performed simultaneously, while
cumulatively increasing a size of a verification area, may
select a first deep learning Al workflow model having the
highest accuracy from among the plurality of deep learn-
ing Al workflow models, with reference to the results of
evaluating, may select a first machine learning Al work-
flow model having the same result calculated as the first
deep learning Al workflow model, and may distribute the
first machine learning Al workflow model, or may com-
pare and evaluate results of respective simulations per-
formed simultaneously, while constantly maintaining a
size of a verification area, may select a first deep learning
Al workflow model having the highest accuracy from
among the plurality of deep learning Al workflow models,
with reference to the results of evaluating, may select a
firstmachine learning Al workflow model having the same
result calculated as the first deep learning workflow mod-
el, and may distribute the first machine learning Al work-
flow model.

[0062] Even when an optimal Al workflow model ap-
plied to a processing process is operated after being ap-
plied to the processing process, the explainable Al mod-
eling and simulation system may continuously make ad-
ditional images/classification results be cumulatively and
iteratively learned/verified, thereby continuously optimiz-
ing the Al workflow model.

[0063] FIG. 10 is a view illustrating an optimal model
of an Al workflow model. When an Al workflow model is
designed, the explainable Al modeling and simulation
system according to an embodiment of the present dis-
closure may perform auto evaluation with respect to per-
formance of the designed Al workflow model.
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[0064] Specifically, the explainable Al modeling and
simulation system may evaluate performance of the Al
workflow model by selecting an optimal model having the
highest accuracy of validity checking in a section within
a saturation point through automated comparison of re-
sults of learning and classification.

[0065] FIG. 11 is a view provided to explain a process
of evaluating an optimal simulation between Al workflow
models. As shownin FIG. 11, the explainable Al modeling
and simulation system according to an embodiment of
the present disclosure may perform simulations with re-
spect to image data acquired in a processing process,
by using respective Al workflow models, and may select
an optimal Al workflow model by comparing the results
of performing respective simulations for the Al workflow
models. In this case, if the result as shown in FIG. 11 is
calculated, a B model having the highest accuracy may
be selected and distributed.

[0066] FIG. 12is a view provided to explain a process
of classifying Al workflow models and evaluating per-
formance. The explainable Al modeling and simulation
system according to an embodiment of the present dis-
closure may manage learning data/model by classifying
Al workflow models and evaluating and monitoring per-
formance.

[0067] Specifically, the explainable Al modeling and
simulation system may analyze variability in purity and
accuracy according to dates, types, and may suggest a
key enhancement point needed to be enhanced.

[0068] FIG. 13 is a view provided to explain a process
of determining a grade by determining whether there is
a defect in each area in a process of performing a sim-
ulation for each Al workflow model. The explainable Al
modeling and simulation system according to an embod-
iment of the present disclosure may perform an image
normalization process, a learning process, and an image
feature analysis process in sequence when image data
is inputted, and may extractimage features by measuring
an area of interest.

[0069] Specifically, when image data is inputted for
quality guarantee, test, measurement in a processing
process, the explainable Al modeling and simulation sys-
tem may divide the image data into analysis unit areas,
and may determine whether there is a defectin each area
and may determine a grade according to the result of
determining. In this case, the grade according to the re-
sult of determining may be a grade regarding a significant
difference in shapes according to a predetermined con-
dition.

[0070] In addition, when the grade is determined ac-
cording to the result of determining, the explainable Al
modeling and simulation system may extract image fea-
tures by measuring the area of interest that is determined
as having a defect.

[0071] FIG. 14 is a view provided to explain a process
of analyzing commonality of similarimages in the process
of performing a simulation for each Al workflow model,
estimating a fault-causing factor, and generating expla-
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nation data.

[0072] The explainable Al modeling and simulation
system according to the present embodiment may cal-
culate information on sizes, areas, etc. ofimage features,
which are extracted by measuring the area of interest
determined as having a defect, may classify the images,
may search similar images of the image features, and
may analyze commonality of the similar images.

[0073] In addition, the explainable Al modeling and
simulation system may estimate a fault-causing factor
according to the result of analyzing commonality of sim-
ilar images as shown in FIG. 15, and may generate ex-
planation data including the estimated fault-causing fac-
tor.

[0074] Herein, the explainable Al modeling and simu-
lation system may search similar images of the image
features in each predetermined similarity section, and
may provide the searched similar images.

[0075] Through this, the explainable Al modeling and
simulation system may estimate the fault-causing factor
by using similar images that are searched in a section
having the highest similarity, and, if it is difficult to esti-
mate a fault-causing factor due a small sample, the sys-
tem may analyze commonality of similar images by es-
timating a fault-causing factor by using similar images
that are searched in a section which is lower than the
highest-similarity section by one level.

[0076] As shown in FIG. 15, the explainable Al mode-
ling and simulation system can estimate a fault-causing
factor and may generate explanation data including the
estimated fault-causing factor in various fields, such as
the field of recognition and classification of microscopic
organisms in waste water, the field of detection and clas-
sification of surface flatness defects, the field of recog-
nition and classification of material edge damage, the
field of detection of electron microscope images by using
an Al algorithm, and recognition and classification of dis-
tribution patterns.

4. System Configuration

[0077] FIG. 16 is a block diagram of an explainable Al
modeling and simulation system according to another
embodiment of the present disclosure. The explainable
Al modeling and simulation system according to an em-
bodiment may include a communication unit 110, a proc-
essor 120, and a storage unit 130 as shown in FIG. 16.
[0078] Thecommunication unit110is ameans for con-
necting communication with a plurality of servers for a
process facility management system or a distributed
management environment, and may be used to receive
image data acquired in the processing process or to dis-
tribute an Al workflow model having verified perform-
ance.

[0079] When an algorithm suitable for a workflow cre-
ated/edited according to a subject area is selected from
pre-stored algorithms, the processor 120 may design an
Al workflow model, may register a simulation regarding

10

15

20

25

30

35

40

45

50

55

the designed Al workflow model, and, when information
is inputted, may perform registered simulations with re-
spect to the inputted information, simultaneously, by us-
ing a distributed management environment.

[0080] In addition, the processor 120 may compare,
evaluate, and verify performance based on the result of
performing simulations, and may distribute a Al workflow
model the performance of which is verified.

[0081] The storage unit 130 is a storage medium that
stores programs and information necessary for opera-
tions of the processor 120. In addition, the storage unit
130 may classify and store image data, algorithms, Al
workflow models, simulations in an arbitrarily edited li-
brary or a library for each process.

[0082] The technical concept of the present disclosure
may be applied to a computer-readable recording medi-
um which records a computer program for performing
functions of the apparatus and the method according to
the present embodiment. In addition, the technical con-
cept according to various embodiments of the present
disclosure may be implemented in the form of a compu-
ter-readable code recorded on the computer-readable
recording medium. The computer-readable recording
medium may be any data storage device that can be read
by a computer and can store data. For example, the com-
puter-readable recording medium may be a read only
memory (ROM), a random access memory (RAM), a CD-
ROM, a magnetic tape, a floppy disk, an optical disk, a
hard disk drive, or the like. A computer-readable code or
programthatis stored in the computer readable recording
medium may be transmitted via a network connected be-
tween computers.

[0083] In addition, while preferred embodiments of the
present disclosure have been illustrated and described,
the present disclosure is not limited to the above-de-
scribed specific embodiments. Various changes can be
made by a person skilled in the art without departing from
the scope of the present disclosure claimed in claims,
and also, changed embodiments should not be under-
stood as being separate from the technical concept or
prospect of the present disclosure.

Claims

1. An explainable Al modeling and simulation method
comprising the steps of:

when an algorithm suitable for a workflow cre-
ated and edited according to a subject area is
selected from pre-stored algorithms, designing
an Al workflow model; and

when input information is inputted, performing a
simulation for an Al workflow model with respect
to the input information.

2. The method of claim 1, wherein the Al workflow mod-
el is provided by visualizing a workflow and an algo-
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rithm selected to suit the workflow.

The method of claim 1, wherein the algorithms are
classified and stored in libraries of respective proc-
esses, such that the algorithms are assembled ac-
cording to each process with respect to a data pre-
processing process, a learning/classification proc-
ess, a data post-processing process, and aniterative
learning/classification process.

The method of claim 3, wherein, when image data
is inputted, the Al workflow model is configured to
perform an image normalization process, a learning
process, and an image feature analysis process in
sequence, to extract image features by measuring
an area of interest, and to generate explanation data
based on the image features.

The method of claim 1, wherein the step of perform-
ing the simulation comprises:

a step of, when a plurality of deep learning Al
workflow models or a plurality of machine learn-
ing Al workflow models are designed, register-
ing a simulation for each Al workflow model; and
a step of performing the registered respective
simulations.

6. The method of claim 5, further comprising:

a step of, when the respective simulations are
performed, comparing and evaluating perform-
ance of the respective Al workflow models in
real time, based on results of performing the re-
spective simulations; and

a step of continuously distributing or changing
an optimal Al workflow model according to a re-
sult of comparing and evaluating in real time.

The method of claim 6, wherein the step of perform-
ing the registered respective simulations comprises
performing the respective simulations simultaneous-
ly under the same condition, by using a distributed
management environment which performs distribut-
ed management with respect to data related to each
deep learning Al workflow model or machine learning
Al workflow model.

The method of claim 6, wherein the inputinformation
is image data that is acquired in a processing proc-
ess.

The method of claim 6, wherein the step of compar-
ing and evaluating comprises selecting a first deep
learning Al workflow model having the highest accu-
racy from among the plurality of deep learning Al
workflow models which are simulated, and selecting
a first machine learning Al workflow model having
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10.

1.

12.

the same result calculated as the first deep learning
Al workflow model, and

wherein the step of distributing or changing compris-
es distributing or changing the selected firstmachine
learning Al workflow model.

The method of claim 6, wherein the step of perform-
ing the registered respective simulations comprises:

a step of, when image data is inputted, dividing
the image data into analysis unit areas, deter-
mining whether there is a defect in each area,
and determining a grade according to a result
of determining;

astep of extracting image features by measuring
an area of interestwhich is determined as having
a defect;

a step of searching similar images of the image
features;

a step of estimating a fault-causing factor by an-
alyzing commonality of the similar images; and
a step of generating explanation data including
the fault-causing factor.

The method of claim 10, wherein the step of extract-
ing the image features by measuring the area which
is determined as having the defect uses any one
algorithm of Find Defect, Validate Defect, GMM
Classification, NCC Classification, Monitor Defect,
and Extract Feature.

An explainable Al modeling and simulation system,
comprising:

a storage unit configured to store algorithms;
and

a processor configured to, when an algorithm
suitable for a workflow created/edited according
to a subject area is selected from pre-stored al-
gorithms, design an Al workflow model, and,
when input information is inputted, perform a
simulation for an Al workflow model with respect
to the input information.
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